Abstract. CNC machining center spindle early mechanical failure has hidden and complex features. In this paper, PeakVue technology early detection of potential and subtle abnormal spindle vibration signal, to solve the problem of weak signal difficult to detect. In order to quickly and accurately determine the motorized spindle potential mechanical failure, this paper PSO global search capability and fast optimization speed and fuzzy neural network(FNN) fault-tolerant ability, self-adaptable characteristics of a method is proposed. The method combines fuzzy logic, RBF neural networks and FNN, spindle in order to predict an early mechanical failure of CNC machining center. In order to optimize the parameters of fuzzy neural network structure, velocity updating formula and inertia weight of PSO has been improved, so as to establish an improved PSO optimized fuzzy neural network CNC machining center spindle early failure prediction method. The results show that: the method of early mechanical failure of the spindle has higher prediction accuracy and generalization ability stronger.
Introduction
CNC machining centers is a high degree of automation, the complex structure of advanced processing equipment, is a knowledge-intensive, complex mechanical and electrical products. CNC machining center spindle is a major part of the production process, it was found CNC machining center spindle has a mechanical problem misdiagnosed, long maintenance cycle and other issues in production. [1, 2] To be able to find fault in advance to avoid large spindle failure, the paper HL1100 Vertical motorized spindle CNC machining centers for the study of the vibration machining centers, noise and temperature detected by detecting various signals and trends forecast, can grasp the operational status of equipment, we found that variation, predict the likelihood of early failure of the spindle to prevent timely detection of abnormal operation signal, so that timely adjustments.
Acquisition Method of Early Fault Signal
CNC machining center spindle when due early mechanical failure, various signals relatively weak, which gives the signal acquisition and processing has brought a lot of difficulties. Emerson's company of PeakVue is a new diagnostic technique for rolling bearings and gear fault diagnosis development, it is Emerson's patented technology. By PeakVue technology can find abnormal mechanical vibration signal potential especially in the early and subtle abnormal signal. And early this abnormal signal energy is generally low, through the conventional vibration spectrum analysis, often hidden in the vibration spectrum of the underlying background energy which cannot be found. PeakVue can be used to separate these signals low energy periodic damage, the causes of these signals are mostly early wear of rolling bearings and gears, and can capture and retain the true impact of these signals, it is possible to damage the roots and show a more accurate response severity of the problem.
Method of Early Failure Prediction

Agency of Fuzzy Neural Network
Fuzzy neural network and fuzzy logic and neural networks with their respective advantages, has great advantages in dealing with non-linear, fuzziness. Taking into account the RBF neural network can overcome the BP neural network training for a long time, easy to fall into local optimum shortcomings, and in function approximation and classification ability, learning speed and other aspects are better than BP network, RBF fuzzy logic and neural networks establish fuzzy RBF neural network [3, 4] , the structure shown in Figure 1 . (1) Layer1: fuzzy input variables, the output is:
According to the form of the membership function selected, the corresponding parameters can be set, called the antecedent parameters. For example, select common Gaussian membership function, the formula (2) in all {σi, di} value is composed of former members parameter sets, the learning process in the sample, adjust each parameter fuzzy RBF neural network capable of adaptive [5] .
(2) Layer 2: the output is the product of the input signal, in the sense that the rules of sample activation strength. 
Structure of Fuzzy Neural networks can be seen from this structure contains the fuzzy rule inference, clarity three steps, with a clear sense of fuzzy logic [6] .
Improved Particle Swarm Optimization
PSO has strong global search capability, and the algorithm is simple and easy to implement, less parameters need to be adjusted, it is widely applied in various fields [8, 9] . The basic principle is: first initialize the D solution space the size of a group of the population is m particles, wherein the velocity and position of the i-th particle are vi=( vi1,vi2,…,viD) and xi = ( xi1,xi2,…,xiD), and then by the fitness function to calculate the fitness value Pf particles, in order to determine the population's personal best (Pb) and groups of extreme value (gb). In the optimization process, the particles precisely keep track of Pb and gb of the speed (vi) and position (xi) to update, the update formula is:
xij(t+1)=xij(t)+vij(t+1)
Where: i = 1,2, ..., m; particle represents the i-th; j = 1,2, ..., D; the j-dimensional space; c1, c2 learning factor; t is the number of iterations; ε1, ε2 uniform distribution between 0 and 1 random number; w is the inertia weight.
The PSO shows that in the late insufficient particle algorithm local digging ability, easy to fall into local optimum, and therefore make the following improvements:
(1) Improved Particle Swarm Own Cognitive Strategies After the optimization process of the particles, the particles themselves cognitive component only consider their own personal best, in order to better learn from the experience of other optimization particles, the average of all the individual extremes instead of individual extreme [1] , improvements speed iterative formula is:
pmeanj(t)=(p1j(t)+p2j(t)+… +pmj(t))/m (10) (2) Improved Inertia Weight Particle swarm algorithm, inertia weight selecting a serious impact on the convergence rate, in order to increase the particle swarm preliminary global ability to explore and local ability to explore later, the use of S-shaped function, so that the particles in the initial optimization, the middle and late 3 stages with different flight speed: the higher the initial Vi, Vi rapid decline in the mid-late Vi constant and complete the final convergence. Formula is as follows:
w=(wmax-wmin)/(1+e( 2e * t/tmax-e))+wmin (11)
Improved PSO Fuzzy RBF Neural Network Algorithm
RBF FNN in the application, is easy to fall into local optimal and there is no reasonable method for determining the fuzzy rules, prone redundant rules, which restricts the wide application [6] of the network. PSP is to be optimized. First, we set the number of particles of PSO η, and the inertia weight w, learning factor c1, range c2, particle velocity and position of the range, the maximum number of iterations tmax = 100. Second, determine the particle optimization fuzzy RBF neural network parameters cij, bij and mapping relations wko; and then, the speed and position of the random initialization particle; then, the definition of fitness function f (x) = E (x), calculate individual fitness value, coming in on the fuzzy neural network training set generated mean squared error (MSE) is configured to adapt to the function of formula (12) to calculate its fitness value. Where: yi is the target value; y^i is an output value of the model; η is the number of samples. Finally, the calculated values of the fitness required to decide whether to update. If necessary, according to the formula (10), (11) to update the particle velocity and position, until its optimization times reaches tmax or training error is less than Emin; later if the training is completed error does not reach Emin continues to iterate until Emin or tmax when the algorithm ends, optimal output fuzzy RBF neural network model. Specific processes shown in Figure 2 [7] . 
CNC Machining Centers of Motorized Spindle Tool Fault Diagnosis Based on Improved PSO Fuzzy Neural Network
Since the CNC machine tool structure is more complex, the failure in the form of diversification, and therefore HL1100 model CNC machining center motorized spindle fault diagnosis system as an example to verify the proposed method is feasible and effective. Distribution.
Failure Mode and Failure Analysis
Fault Feature E = {E1,E2,E3,E4} there are: E1 amplitude at the critical speed becomes large, a peak, E2 vibration frequency of the second harmonic of the rotation frequency, there are also multiple frequency vibration; maximum vibration mainly in misalignment couplings on both sides of the bearing, vibration increases with load; spectrum showed radial second harmonic and fourth harmonic vibration significantly. E3 spindle is weak vibration or noise, E4 and the fundamental frequency of vibration signals have a certain relationship. From the above, the main reason for these failures led to F = {F1,F2,F3,F4} there: F1 spindle system unbalanced, F2 spindle system misalignment, F3 spindle cracks, F4 rolling bearing fault. Moreover, the relationship between these symptoms and causes of complex, non-linear and obvious coupling.
Fault Fuzzy and Training Samples Obtained
The improved PSO optimized fuzzy RBF neural network model for fault diagnosis of CNC machine tools, first determine the degree of importance according to the fuzzy rule and failure characteristics and reasons for data representation blur. Fault features F1-F3 with the "normal" and "high" to describe the two fuzzy sets, "low" and "normal" characteristics of the two modes combined with F4 set to represent, according to experts' experience, the use of trigonometric functions as an input variable membership function, membership function for each input variable distribution shown in Figure3.
Combined with relevant expertise, obtain a degree of presence Cause fuzzy description (Table1); thereby obtaining fault characteristics and causes of fuzzy rules corresponding library, the training samples. To obtain more diagnostic model generalization ability, its fuzzy rules should be as comprehensive as possible ( 
Confirm the Diagnosis Model Structure
By the actual fault characteristics and causes of apparent input layer nodes diagnosis model is 4, corresponding to four fault characteristic; output layer 4 nodes, respectively, with corresponding cause of the malfunction, the output value in the range [0,1] representatives credibility of failure; and a fault fuzzy membership grade 5, and therefore determine the structure of the fuzzy RBF neural network diagnostic model for 4-20-35-4, thereby determining the dimensions of each particle in the particle group 20×2+25×4=140-dimensional [10] , particle swarm the remaining parameters are set as follows: the number of population m = 30, 100 times the number of iterations, the precision is 0. 002, c1 = c2 = 2; particle velocity range is [-0. 
Comparison of Results and Model Training
Training model, randomly selected group of samples in Table 2 for 30 in 20 groups as training samples, 10 groups as a test sample, the model in Figure 2 Improved particle swarm optimization process RBF fuzzy neural network is trained until the end of the algorithm. Practical Fault Diagnosis Model Training Improved Particle Swarm algorithm iterations fitness curve is easy to know from Figure 5 , the proposed method particle swarm after 10 iterations it converges to 0.001 [5] ; and improved fuzzy RBF PSO optimized Neural network converges fast, high precision, after 23 iterations precision step training fuzzy RBF neural network will reach the goal set by the accuracy of 0.001; ultimately, output six groups of test samples with the expected results of such table3. table3 can know from the table, only test output number4, a set of fault category can not be accurately obtained, and the remaining five groups fault can be accurately identified.
Conclusion
Fuzzy Neural Network combines the advantages of fuzzy logic and neural networks, neural networks overcome the subjectivity and black box of fuzzy logic rules, enabling accurate identification of NC machine tool failure. The text of the improved PSO algorithm from the particle velocity iteration formula and inertia weight update strategy has been improved, and thus the structural parameters of fuzzy RBF neural network optimization, the establishment of an improved particle swarm optimization fuzzy RBF neural network CNC machine tool spindle servo system fault diagnosis model, to achieve an accurate identification of the spindle servo system failure. Experimental results show that the improved PSO early fault diagnosis of CNC machining center spindle fuzzy RBF neural network knowledge to speak clearly and quickly training, to more accurately determine the cause of failure to achieve optimization.
